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High In-Hospital Mortality Rate in Patients with
COVID-19 Receiving Extracorporeal Membrane
Oxygenation in Germany: A Critical Analysis

To the Editor:

Extracorporeal membrane oxygenation (ECMO) is an
established treatment option for severe acute respiratory failure
(1). In the context of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic with the occurrence of
many severe acute respiratory distress syndrome cases, ECMO is
increasingly being used worldwide depending on the available
resources. Data from high-volume centers show that ECMO
therapy may reduce the in-hospital mortality rate of ventilated
patients who would otherwise reach more than 50–80% mortality
(2, 3). When 10,021 hospitalized patients being treated in
920 different German hospitals during the first wave of the
pandemic were analyzed, ECMO was reportedly used in
119 patients (1.2%) with a mortality rate of 71% (4). In contrast, a
recent worldwide meta-analysis revealed a lower in-hospital
mortality rate of 37% in 1,896 patients (5). The recent data of the
European Extracorporeal Life Support Organization point in the
same direction (6). The aim of the current research letter was to
determine the in-hospital mortality rate during the first and
second coronavirus disease (COVID-19) waves in Germany, a
country that maintained quantitively sufficient healthcare
resources during the pandemic without major restrictions.

We therefore report unbiased and unselected follow-up claims
data of the largest German health insurance company, including a
total of 768 patients with COVID-19 who underwent ECMO
admitted to hospitals between February and December 2020. The
largest German health insurance provider, Allgemeine
Ortskrankenkasse, provides statutory health insurance for roughly
32% of the German population. All patients included in the study
completed the hospital treatment and either died or were discharged
from the hospital.

Baseline characteristics of the patients are depicted in Table 1.
All patients included into the analysis had SARS-CoV-2 infection
confirmed by PCR at a time when variants of concern were almost
not present in Germany. The mean age of the patients reached 58
years (SD: 11 yr), 78% of whomwere men with a median length of
hospital stay of 44 days (SD: 39 d) and a mean length of ventilation
time of 31 days (SD: 24 d). Sixty-one percent of patients were
tracheotomized and 60% required dialysis. Unfortunately, in-hospital
mortality reached 73%. In more detail, in-hospital mortality was 56%
for patients 18–49 years of age, 67% for patients 50–59 years of age,
83% for patients 60–69, and 88% for patients.69 years of age
(Figure 1A, P, 0.05 for all groups compared with the youngest age
group). We found no significant survival difference between men and
women (Figure 1B, P=0.47). Regarding the time of initiation of

ECMO therapy after onset of mechanical ventilation (either
noninvasive or invasive, Figure 1C), we found the lowest mortality in
those patients with early onset of ECMO therapy within the first 3
days after initiation of mechanical ventilation. However, no linear
relation was observed, although all other groups demonstrated
significantly higher mortality rates (Figure 1C, P, 0.05). We also had
no information on the time from infection to intubation or ECMO
therapy.

What Might Be the Reasons for the High In-Hospital
Mortality Rate in Patients with COVID-19 Who Underwent
ECMO in Germany?
The mean age of 58 years with a strong predominance of men
indicates the typical patient population of patients with
COVID-19 in 2020 being infected with the wild type of the
SARS-CoV-2 virus. As the average age of all patients with
COVID-19 in German ICUs in 2020 was 68 years (4), the
current analysis reveals that patients on ECMO were
substantially younger. However, mean age was still 6 years
higher than in the recent meta-analysis (5), and age is one of
the most important, if not the most important, risk factors for
a poor prognosis in COVID-19 (7). This might explain in part
the worse outcome reported in this letter. Compared with the
data of the European Extracorporeal Life Support Organization
registry (8) and the French data (3), the higher observed
mortality rate may not only be explained by the higher age (58
years vs. 52 and 49 years, respectively), prolonged median time
from onset of mechanical ventilation to ECMO, increased
proportion of patients with noninvasive or invasive mechanical
ventilation for more than 10 days, increased severity of
COVID-19 with a need for dialysis (60% vs. 43% and 44%,
respectively), and heterogeneous experiences of ICUs deploying
ECMO treatment. Importantly, the French group recently
suggested that shorter time between intubation and ECMO,
younger age, and treatment in centers managing at least 30
venovenous ECMO cases annually were independently
associated with improved 90-day survival. However, all these
factors do not fully explain the huge mortality difference even
in patients aged below 49 years. It might partly be that more
device-associated complications occurred, as COVID-19
severely affects coagulation. A critical future analysis should
put a special emphasis on sooner recognizing coagulation-
associated severe complications, which might reduce mortality.

Another reason for the high in-hospital mortality rate might be
that indications for the insertion of ECMO are still influenced by
individual attitudes, emotions, and the healthcare system’s strategies
(resources, reimbursement, or expectations by the media). In a recent
survey on ethical factors determining ECMO allocation during the
COVID-19 pandemic compared with usual times (9), ECMO
specialists from various countries reported giving more ethical weight
to the benefit of ECMO to other patients not yet admitted, whereas
before the pandemic they tended to focus more on the individual
patient. Most of those taking part in the survey reported that when
thinking about decisions about ECMO, it is most important to do the
most good overall, even if that means not giving every patient an
equal chance. Such an attitude was present under the circumstances
of limited resources, which was not applicable in Germany.
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We hypothesize that in Germany—on the basis of a well-
prepared and fitted healthcare system—these attitudes on maximal
care for the individual patient without fears of resource restrictions
might have influenced a liberal indication for ECMO, whereas in
other countries these indications were handled much more
restrictively (possibly resulting in less “futile” applications). Second,
in contrast to other healthcare systems, in Germany the concept of
“clinical freedom of physicians” to “meet the health needs of the
population” (10) is a highly ranked feature, and physicians mostly
have a free decision—for example, to indicate ECMO—without any
commercial or legal restrictions. Third, such a freedom of
application of various highly sophisticated techniques like ECMO
might result in a lack of a stringent quality control, such as for
mandatory registries or certifications. Such a lack could lead to a
certain variation in assessment and securing of quality criteria in
connection with ECMO treatment regimens.

Our data confirm that ICU treatment in these critically ill
patients with COVID-19 with a high mortality risk requires extended
ICU resources, reflected by a mean length of ventilation of 31 days
(SD: 24 d) beside ECMO therapy. Thus, ECMO indications for
COVID-19 need to be considered cautiously, particularly in the
pandemic context with at least regionally limited resources. Although
mortality rate reasonably increases with higher age and prolonged
time from initiation of ventilation to ECMO, an individual patient-
centered decision has yet to be considered, as long-term survival after
immediate hospital discharge seems to be preferential.

As a limitation of the analysis, the claims data do not include a
high granularity of data, especially for use of prone positioning or
neuromuscular blockade. However, the high mortality in general
limits an adjustment for various confounders.

What Lessons Do We Learn from This High Mortality
during the Pandemic?
An individual patient-centered decision for or against ECMO
therapy during a pandemic with less resources and high pressure
seems to be even more difficult. Dedicated inclusion and exclusion

criteria and standardization of treatment regimens might be key for
wise selection of patients to reduce the high in-hospital mortality
observed now in Germany during the first and second wave of the
pandemic. It also seems reasonable to harmonize and strengthen
criteria for ECMO initiation, in particular under the pressure of
decreased human resources caused by the pandemic. This might
help to prevent a shortage of ICU resources, improve survival rates,
and reduce the emotional stress caused by high mortality rates in
patients with a high risk of death.�
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Table 1. Baseline Characteristics of Patients Being Treated with ECMO according to Time of ECMO Initiation after
Establishment of Invasive or Noninvasive Ventilation

Initiation of ECMO Therapy according to Time Point after Initiation of
Noninvasive or Invasive Mechanical Ventilation

Variable All Patients Days 0–3 Days 4–7 Days 8–12 >12 Days

Patients, n 768 223 166 180 199
Age, mean (SD), yr 57.7 (11.4) 54.5 (13.4) 57.7 (10.8) 59.5 (10.5) 59.8 (9.6)
Sex, M, n (%) 601 (78.3) 164 (73.5) 123 (74.1) 141 (78.3) 173 (86.9)
Length of hospital stay, mean (SD), d 44.0 (38.7) 39.7 (36.1) 37.0 (27.9) 39.9 (32.9) 58.4 (49.4)
Ventilation, mean (SD), d 30.9 (23.7) 23.1 (19.2) 27.5 (19.6) 29.1 (19.3) 44.1 (29.2)
Tracheostomy, n (%) 466 (60.7) 117 (52.5) 89 (53.6) 115 (63.9) 145 (72.9)
Dialysis, n (%) 462 (60.2) 123 (55.2) 108 (65.1) 103 (57.2) 128 (64.3)
In-hospital mortality, n (%) 564 (73.4) 133 (59.6) 126 (75.9) 153 (85.0) 152 (76.4)
Charlson comorbidity index, n (%)
0 148 (19.3) 42 (18.8) 30 (18.1) 36 (20.0) 40 (20.1)
1 219 (28.5) 68 (30.5) 37 (22.3) 53 (29.4) 61 (30.7)
2 162 (21.1) 44 (19.7) 40 (24.1) 40 (22.2) 38 (19.1)
3–4 166 (21.6) 48 (21.5) 41 (24.7) 37 (20.6) 40 (20.1)
>5 73 (9.5) 21 (9.4) 18 (10.8) 14 (7.8) 20 (10.1)

Definition of abbreviation: ECMO=extracorporeal membrane oxygenation.
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Figure 1. (A–C) In-hospital survival according to age (A), sex (B), or days after onset of mechanical ventilation (C) (0–3, 4–7, 8–12, and.12 d). Regression
analysis revealed that older age groups showed a significantly higher mortality rate than the age group of 18–49 years (P, 0.05; A); no significant difference
between men and women (P=0.47; B); and that all analyzed groups showed a significantly higher mortality rate than the group with the shortest time before
initiation of mechanical ventilation (Days 0–3; P, 0.05; C). ECMO=extracorporeal membrane oxygenation.
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Outcomes of Patients Denied Extracorporeal
Membrane Oxygenation during the COVID-19
Pandemic in Greater Paris, France

To the Editor:

Venovenous extracorporeal membrane oxygenation (ECMO) was
considered early in the pandemic to rescue the most severe forms of
coronavirus disease (COVID-19)–associated acute respiratory
distress syndrome (ARDS). The 90-day survival of these patients was
60–64% in the largest cohorts of studies published to date (1, 2). To
prevent a shortage of resources and avoid compassionate use and
futility, an ECMO hub-and-spoke network organization was created
in Greater Paris, France. Guidelines for ECMO indications and
management were developed by a task force and disseminated by
the regional health administration. These criteria did not change
during the study period. All ECMO indications were validated by
the Piti�e-Salpêtri�ere Hospital ECMO team. Patients being
considered for ECMO had to fulfill EOLIA (ECMO to Rescue Acute
Lung Injury in Severe ARDS) trial ARDS severity criteria (3) despite
the optimization of mechanical ventilation, a trial of prone
positioning, and the use of neuromuscular-blocking agents.
Contraindications for ECMOwere age.70 years (case-by-case
discussion for those aged 65–70 yr), serious comorbidities
(including immunosuppression, chronic lung diseases, and extreme
obesity), multiple organ failure, and ongoing mechanical ventilation
for.10 days. Although our network organization and outcomes
after ECMO have been described elsewhere (4), the outcome of
patients denied ECMO is still unknown.

In this context, we prospectively collected the characteristics of
all patients proposed for ECMO at the ECMO–COVID-19 hub

betweenMarch 8, 2020, and June 3, 2020. At least two intensivists
discussed each patient’s case and decided among the following:
“ECMO, yes” (i.e., prompt cannulation by a local or a mobile ECMO
team); “ECMO, no, not yet” because criteria for ECMOwere not met;
or “ECMO, no, never,” because of an anticipated poor prognosis
despite ECMO (5). When an “ECMO, no, not yet” decision was
made, advice to optimize patients’management and mechanical
ventilation settings were given, with a possibility to reevaluate later
ECMO indication.

Patients’ characteristics among the three groups were compared
by ANOVA. Kaplan-Meier survival curves were computed and
compared using log-rank tests. Follow-up started from the decision to
initiate ECMO or not. The study was approved by the local ethical
committee, Comit�e d’Ethique de la Recherche of Sorbonne University
(#CER-SU-2020-69).

Of the 575 cases from 75 centers submitted to the
ECMO–COVID-19 hub, 302 (53%) patients met eligibility criteria
and received ECMO (4), of whom 12 received ECMO after an initial
“ECMO, no, not yet” decision. These 12 patients were included in the
“ECMO, yes” group. ECMOwas denied to 273 (48%) patients after a
first call, of whom 15 had too many missing data and 12 received
ECMO secondarily (i.e., they were included in the “ECMO, yes”
group for the analysis). Reasons for ECMO refusals in the 162 (66%)
“ECMO, no, never” patients were mechanical ventilation.10 days
(n=68), age.65 years (n=53), multiple organ failure (n=32),
immunosuppression (n=23), or severe disability due to extreme
obesity (n=16). For 35 of 68 patients, mechanical ventilation.10
days was the only reason for being denied ECMO, whereas 27 of 53
patients were denied only because of being aged.65 years. “ECMO,
no, not yet” was advised for 84 (34%) patients. Characteristics and
outcomes of patients are provided in Table 1. Briefly, “ECMO, yes”
patients were younger, had a shorter time between intubation and
ECMO–COVID-19 hub call, and had a higher Respiratory ECMO
Survival Prediction score than patients denied ECMO (P, 0.01).
Compared with the two other patient groups, “ECMO, no, not yet”
patients had significantly lower driving pressure and higher PaO2

/FIO2

ratio and lung static compliance (both P, 0.01). They also were
more frequently on renal replacement therapy. Ninety-day survival
(Figure 1) was obtained for 233 of 246 patients denied ECMO (i.e., 83
“ECMO, no, not yet” and 150 “ECMO, no, never” patients) and was
not different between “ECMO, yes” and “ECMO, no, not yet”
patients (49% vs. 46%; log-rank test, P=0.93). However, the 90-day
survival of “ECMO, no, never” patients was significantly lower than
the two other groups (14%; log-rank test, P, 0.001). Compared with
“ECMO, no, not yet” and “ECMO, no, never” patients, “ECMO, yes”
patients had a significantly longer stay in the ICU (median
[interquartile range], 30 [17–47] d vs. 24 [15–37] d and 16 [10–26] d,
P, 0.01) and longer duration of mechanical ventilation (median
[interquartile range], 28 [15–44] d vs. 22 [13–32] d and 16 [9–26] d,
P, 0.01), respectively.

Our study reports the characteristics and outcomes of patients
with COVID-19 with severe ARDS referred for ECMO decision
during the first wave of the pandemic in Greater Paris. A similar
90-day survival was observed for patients who received ECMO and
those for whom ECMOwas not yet indicated. Alternatively, patients
considered not suitable for ECMO had a very low 90-day survival.

The decision to initiate ECMO in patients with severe ARDS
remains complex, especially in the context of a pandemic with a
shortage of resources and ICU beds and of a new disease, for which
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